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Introduction

The hedgehog signal transduction network mediates cell-cell communication during normal
embryonic development. Genetic mutation of hedgehog network genes can cause severe birth defects,
basal cell carcinoma of the skin, and other tumors including medulloblastomas and glioblastomas of the
brain.

Our recent work demonstrates a role for hedgehog signaling in mammary cancer and normal
mammary gland development in the mouse. Loss-of-function mutations in two hedgehog network
genes, Patched-1 (Ptc-1) and Gli-2, cause cancer-like lesions that closely resemble human ductal
carcinoma in situ (DCIS. The lesions become invasive with age but, like basal cell carcinoma and
medulloblastoma, are not stable upon transplantation.

The specific mechanism by which mutations in the hedgehog network lead to mammary lesions
is not known. In basal cell carcinoma, loss of Ptc-1 function or overproduction of either Smoothened
(Smo) or one of the three hedgehog proteins, Sonic hedgehog (Shh), leads to tumors. If the mechanics of
the hedgehog signaling network are conserved between skin and mammary gland, a specialized skin
derivative, these observations lead to the following hypothesis:

mutation of either the Pic-1 or Gli2 genes results in improper activation of the signaling
network via inappropriate activity of either Smo or the hedgehog proteins themselves.
This improper signaling leads to loss of normal growth control and mammary lesion
formation.

We will use two approaches to test this hypothesis. First, we will construct a transgenic mouse
line that expresses a constitutively activated form of Smo that signals independently of hedgehog protein
binding and cannot be inhibited by Ptc-1. When expressed in the skin, this form of Smo promotes skin
tumors. We expect that altered Smo gene will promote tumor formation and will therefore identify Smo

as a mammary oncogene.
' Second, we will use specific inhibitors of hedgehog protein signaling and determine whether
these agents can reverse Ptc-1-, Gli2 - or Smo-induced mammary lesions or lessen their severity. As
controls we will examine the effects of these agents on well-characterized mouse tumor models. Agents
will be delivered via surgical implantation of slow-release plastic pellets within the gland. Mammary
glands will be examined for changes in structure and effects on lesion growth. Glands will also be
assayed for changes in cell division (DNA synthesis) and cell death (apoptosis) as well as in expression
of hedgehog network genes in response to treatment.

In addition, we will test the effect of these specific inhibitors on a panel of human breast cancer
cell lines. It is possible that these inhibitors may affect the growth characteristics of a subset of human
cancers thereby implicating the hedgehog network as a contributory factor in breast cancer onset or
progression.

If hedgehog activity is responsible for, or participates in lesion formation or progression, we
anticipate that treatment will reverse the formation of lesions or slow their growth. Such findings would
justify expanded pre-clinical and clinical investigation of related hedgehog signaling inhibitors for
potential therapeutic value in the treatment or prevention of human breast cancers.
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Summary of results

Task 1. To determine whether constituitive activation of hedgehog signaling leads to mammary
lesions in transgenic mice using an activated form of Smo that signals independently of
hedgehog protein binding and is unresponsive to Ptc-1 inhibition.

In collaboration with Dr. DeMayo, Director of the Baylor Mouse Genetics Core Facility,
we have generated five MMTV-SmoM2 founder lines that all show consistent alteration
of end bud morphology and histoarchitecture, as well as ductal dysplasias similar to those
observed previously in the Ptc1/+ mice.

Immunofluorescence analysis demonstrates no changes in steroid hormone receptor
expression but does show increased proliferation and co-expression of proliferation
markers with steroid receptors, an early indication of neoplastic progression.

Task 2. To test the in vivo effect of specific hedgehog protein inhibitors on hedgehog network-
induced lesions and the normal mammary gland.

Implants containing hedgehog signaling inhibitors had no demonstrable effect on normal
mammary gland development. This finding is consistent with our current model for
hedgehog regulation of mammary gland development in that we believe the network to be
inactive during this phase of development normally.

Unexpectedly, we show no demonstrable effect of hedgehog signaling inhibitors on the
severity of Ptc1-induced defects. This may be due to technical reasons (i.e. that the in
vivo dose delivered by implantation is insufficient). However, recent data generated in
our laboratory and others suggests a biological explanation. It appears that Ptc1 has at
least four functions, some of which are hedgehog-related and some of which are
hedgehog ligand independent. We are exploring the likelihood that Ptc1 defects are due to
loss of a hedgehog independent function which would therefore be insensitive to
cyclopamine inhibition.

Task 3. To test the in vivo effect of specific hedgehog protein inhibitors on hedgehog-independent
lesions

We have entered into an expanded collaboration with Curis, Inc. and Genentech Inc.
which recently developed small molecule inhibitors of Smo, on in vivo studies in
transgenic mouse models (MMTV-c-ErbB2 and MMTV-Wntl models). We have not yet
initiated these studies but still intend to perform them and will report on them to the DOD
upon completion.

Task 4. To test the effect of hedgehog inhibitors on the growth and morphology of human breast cancer
cell lines in vitro
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We have completed dose-response growth curves for MCF7 (ER positive), MDA231,
and MCF10A which show differential sensitivity to cyclopamine, KAAD-cyclopamine,
and the Curis compounds.

We have completed colony forming assays for MCF7. Colony forming potential is
decreased in a dose-dependent manner.

We have completed proliferation (MTT and BrdU incorporation) and apoptosis assays
(TUNEL) for MCF?7. Inhibitors affect proliferation rates but do not affect apoptosis
rates.

Results are being prepared for publication. Based on these data, we are moving into in
vivo preclinical models of breast cancer. A phase I clinical trial in patients with
advanced breast cancer is in the design phase in collaboration with Dr. Jenny Chang of
the Baylor Breast Center.

Key Research Accomplishments

With the exception of Task 3, the in vivo efficacy of compounds on mammary hyperplasias and tumors,
the major goals of this project have been met. Results are entirely consistent with the initial
hypothesis and strongly indicate that hedgehog signaling inhibitors should be considered for
development in the treatment or prevention of breast cancer.

o Constitutive activation of hedgehog signaling in transgenic mice leads to mammary hyperplasia
e Cyclopamine and related compounds inhibit breast cancer cell proliferation and colony forming
potential in a dose-dependent manner. Non-teratogenic steroidal alkaloids do not affect cell
growth except at the high end of the dosages tested (50uM). Compounds affect proliferation but

do not affect apoptosis.
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Gordon Research Conferences — Mammary Gland Biology (2000-2004)
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Employment received and research opportunities.

Employment

7/01-present  Assistant Professor — Baylor College of Medicine Breast Center and the Department of
Molecular and Cellular Biology, Houston, TX 77030.

Research funding
ACTIVE

DAMD17-03-1-0571 (Lewis) 7/15/03-7/14/04
DOD
Combining Cell and Gene Therapy For Treatment Of Early Stage Breast Cancer

17580 (Lewis) 7/15/03-7/14/0

Susan Love MD Breast Cancer Research Foundation

Development of an Intraductal Cell and Gene Therapy Approach for Treatment of Early Stage Breast
Cancer

P01 CA30195 (Osborne/Lewis) 12/1/03-11/30/08

NIH

Novel Gene Networks in Breast Development and Cancer, Project 4: The Ptcl Hedgehog Receptor
in Mammary Ductal Development and Progression to Neoplasia
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PENDING

RO1 CA30195 (Lewis) 6/1/04-7/31/09
NIH _
The Ptc1 Hedgehog Receptor in Mammary Ductal Development and Progression to Neoplasia

No number 6/1/04-5/31/07

Susan G. Komen Foundation

In vivo analysis of the GIi2 transcription factor gene, a c andidate tumor s uppressor in m ammary
stroma.

Conclusions

o Ductal development is not dependent on hedgehog signaling, and signaling must be inhibited
actively for normal development to occur. _

e Cyclopamine and related compounds are effective in inhibiting breast cancer cell growth in vitro.
Compounds affect proliferation but not apoptosis.

e Ectopic hedgehog signaling leads to ductal dysplasia

Appendices

1. Curriculum vitae for Michael T. Lewis
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D. Research Support.

Title: Novel Gene Networks in Breast Development and Cancer, Project 4: The Ptc1 Hedgehog Receptor in
Mammary Ductal Development and Progression to Neoplasia

Agency: NIH P01 CA30195

Role: Pl (Osborne/Lewis)

Period:  4/1/04-3/31/09

The major goals of this large Program Project are to identify and characterize the role of novel genetic pathways,

which are found to be important in the normal breast, in the pathogenesis and progression of human breast

cancer. The goal of Project 4 is to determine the role of Ptc1 in these processes.
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